Abstract The present study deals with the changes on the main technological characteristics and volatile compounds profile of a traditional Spanish dry-ripened loin from Celta pig breed. The evolution of physicochemical properties, colour, texture, free fatty acid profile and volatile compounds were assessed throughout the process seasoning, post-seasoning and after 30 and 60 days of dry-ripening.
Introduction
Celta pig is a native breed of Galicia (NW Spain), classified as an autochthonous endangered breed (Spanish Regulation 2008) , due to the introduction of improved breeds and their crosses. This breed is characterized by a great rusticity that allows a perfect ability to adapt to the conditions of the Galician forests, feeding on natural and seasonal resources (Carril et al. 2012) . Celta dry-cured loin is one of the Celta meat products most appreciated by the consumers. The demand of Celta drycured meat products has grown recently, increasing from 623 animals in 2001 to 4882 at the end of 2012 (Carril et al. 2013 ).
The quality of dry-cured loin is based on both raw material composition and processing conditions (Muriel et al. 2004a ). Meat quality parameters as colour, juiciness and hardness have provided results that support the conclusion that loin cut has very favorable characteristics for both fresh consumption and for the preparation of semi, elaborated and cured products. On the other hand, colour is the most important characteristic of appearance and textural parameters also contribute on the main attributes perceived by consumers (Ramírez and Cava 2007) . This breed is highly appreciated by consumers because of the succulent meat that results from the profuse infiltration of fat into the lean meat ) and the production of these pigs is mainly focused on the manufacture of dry-ripened meat products such as ham (Bermúdez et al. , 2014a (Bermúdez et al. , 2014b , "lacón" (Garrido et al. 2012; Lorenzo et al. 2014; Purriños et al. 2011a Purriños et al. , 2011b Purriños et al. , 2012 and sausages (Gómez and Lorenzo 2013) .
Processing has a great influence on the final flavor of drycured loins, with both seasoning/curing ingredients addition and the ripening/drying phases involving complex chemical and biochemical changes in the main components of the raw meat (proteins and lipids) leading to the generation of volatile compounds, which are mainly esters and sulphide compounds (Lorenzo 2014a; Muriel et al. 2004b) . These compounds are responsible of the characteristic flavor of these products and they have influence on the consumer acceptance (Ruiz et al. 2002) .
A considerable amount of studies have been devoted to describe processed loin quality at the end of ripening process, with respect to physicochemical characteristics and volatile profile. These researches were carried out with Iberian drycured loin (Muriel et al. 2004b; Ramírez and Cava 2007) . However, there are not studies about dry-cured loin from Celta pig breed. Thus, the objective of this study was to assess the changes on physico-chemical properties, lipolysis and volatile compounds during the manufacture of Celta dry-cured loin.
Material and methods

Animal management
Twenty pigs from the Celta breed (Barcina line) were used. All specimens, registered in the Record of Births of StudBook were obtained from ASOPORCEL (Association of Celta pig breed). All animals were reared in a single group in an extensive system. They were fed ad libitum with commercial concentrate suited to the nutritive needs of the animals. Table 1 shows the chemical composition and fatty acid profile of the commercial feed. The day before slaughter, the animals were weighed and transported to the abattoir trying to minimize the stress of the animals. The animals were slaughtered at 12 months. Pigs were slaughtered in an accredited abattoir, using carbon dioxide to stun the animals (Lugo, Spain). Immediately after slaughter, carcasses were chilled at 4°C in a cold chamber for 24 h. At this point, the longissimus dorsi muscle was excised from the right side of each carcass.
Manufacture of celta dry-cured loin
For this study, a total of twenty loins with an average weight of 1.70±0.18 kg, were selected. Loins were seasoned by rubbing with 7.5 g per kg of supplement "Diana 655 AL" and 12 g per kg of supplement "Saboral Lomo Adobado B" from Cargill (Barcelona, Spain) composed, in unknown proportions, of sugar, salt, dextrin, olive oil, potassium nitrate (E 252 ), sodium nitrite (E 250 ), sodium ascorbate (E 301 ) and spices such as Spanish paprika (Capsicum annuum, L.), oregano (Origanun vulgare, L.) and garlic (Alliun sativum, L.). Loins were kept at 4°C for 3 days to allow the seasoning mixture to penetrate. Then, the loins were stuffed into collagen casings and transferred to a post-seasoning room where they stayed for 30 days at 2-5°C and around 85-90 % relative humidity. After the post-seasoning stage, the pieces were transferred to a room at 12-14°C and 74-78 % relative humidity where a dryingripening process took place for 60 days. The air convection in the drying room was intermittent and the air velocity around the pieces when the fan was running ranged between 0.3 and 0.6 m/s. Samples were taken after seasoning process, after post-seasoning stage and after 30 and 60 days of dryingripening. In each sample point, five pieces were analyzed.
Analytical methods
pH, water activity, TBARs values and colour parameters
The pH of samples was measured using a digital pH-meter (Thermo Orion 710 A+, Cambridgeshire, UK) equipped with a penetration probe. Colour measurements were carried out using a CM-600d colorimeter (Minolta Chroma Meter Measuring Head, Osaka, Japan). Each loin was cut and the colour of the slices was measured three times for each analytical point. CIELAB space: lightness, (L*); redness, (a*); yellowness, (b*) were obtained. Before each series of measurements, the instrument was calibrated using a white ceramic tile. Lipid oxidation was assessed in triplicate by the 2-thiobarbituric acid (TBARs) method of Vyncke (1975) with 1997 (ISO 1997 ), 1443 :1973 (ISO 1973 ) and 937:1978 (ISO 1978 , respectively. Total chlorides were quantified according to the Carpentier-Vohlard official method ISO 184-1 (ISO 1996) .
WB and Texture Analysis Profile
Seven meat pieces of 1×1×2.5 cm (height×width×length) were removed parallel to the muscle fibre direction and were completely cut using a Warner-Bratzler (WB) shear blade with a triangular slot cutting edge (1 mm of thickness). Maximum shear force, shear firmness and total necessary work performed to cut the sample were obtained. Texture profile analysis (TPA) was measured by compressing to 60 % with a compression probe of 19.85 cm 2 of surface contact. Forcetime curves were recorded at a crosshead speed of 3.33 mm/s and recording speed was also 3.33 mm/s. Hardness (kg), cohesiveness, springiness (mm) and chewiness (kg×mm) were obtained. These parameters were obtained using the available computer software (Texture Exponent 32 version 1.0.0.68, Stable Micro Systems, Vienna Court, UK).
Free fatty acid
Total intramuscular lipids were extracted from 5 g of ground sample, according to Folch et al. (1957) procedure. Free fatty acids were separated from 20 mg of the extracted lipids using NH 2 -aminopropyl mini-columns (Sep-Pak Vac 3 cc, 500 mg, Waters, Milford, MA) as described by Kaluzny et al. (1985) . Free fatty acids were transesterified following the method described by Shehata et al. (1970) with some modifications; 4 mL of a sodium methoxide (2 %) solution were added to the fraction, vortexed every 5 min during 20 min at room temperature, then 4 mL of a H 2 SO 4 solution (in methanol at 50 %), vortexed a few seconds and vortexed again before adding 2 mL of distilled water. Organic phase (containing fatty acids methyl esters) was extracted two times with 1 mL of hexane and the solvent was evaporated until dryness under N 2. The residue was resuspended in 0.5 mL of hexane and transferred to a vial. The FAMEs were stored at −80°C until chromatographic analysis.
Separation and quantification of FAMEs was carried out using a gas chromatograph, GC-Agilent 6890 N (Agilent Technologies Spain, S.L., Madrid, Spain) equipped with a flame ionization detector and an automatic sample injector HP 7683, using a Supelco SP-2560 fused silica capillary column (100 m, 0.25 mm i.d., 0.2 μm film thickness, Supelco Inc., Bellefonte, PA, USA). Chromatographic conditions were as follows: initial oven temperature of 120°C (held for 5 min), first ramp at 5°C/min to 200°C (held for 2 min) and a second ramp at 1°C/min to 230°C (held for 3 min). The injector and detector were maintained at 260 and 280°C, respectively. Helium was used as carrier gas at a constant flow-rate of 1.1 mL/min, with the column head pressure set at 37.73 psi. 1 μL of solution was injected in split mode (1:50). The fatty acids were quantified using nonadecanoic acid at 0.3 mg/mL as internal standard, which was added to samples prior to free fatty acid separation. Identification of fatty acids was performed by comparison of the retention times with fatty acid standards supplied by Supelco (Bellefonte, PA, USA) and the results are expressed as mg/100 g of fat.
Volatile compounds
The extraction of the volatile compounds was performed using solid-phase microextraction (SPME). A SPME device (Supelco, Bellefonte, PA, USA) containing a fused-silica fiber (10 mm length) coated with a 50/30 μm thickness of DVB/ CAR/PDMS (divinylbenzene/carboxen/polydimethylsiloxane) was used for HS-SPME extraction. The sample was ground with a commercial grinder, a 2.00 g portion was weighed into a 40 mL vial and the vial was screw-capped with a laminated Teflon-rubber disk. The fiber was inserted into the sample vial through the septum and then exposed to headspace. The extractions were carried out in an oven to ensure a homogeneous temperature for sample and headspace. The fiber was conditioned prior to analysis by heating it in a gas chromatograph injection port at 270°C for 60 min, following the manufacturer specifications. Extraction was performed at 35°C for 30 min. Before extraction, samples were equilibrated for 15 min at the temperature used for extraction. Once sampling was finished, the fiber was withdrawn into the needle and transferred to the injection port of the gas chromatograph-mass spectrometer (GC-MS) system. A gas chromatograph 6890 N (Agilent Technologies Spain, S.L., Madrid, Spain) equipped with mass detector 5973 N (Agilent Technologies Spain, S.L., Madrid, Spain) was used with a DB-624 capillary column (J&W scientific: 30 m, 0.25 mm id, 1.4 μm film thickness). The SPME fiber was desorbed and maintained in the injection port at 260°C during 5 min. The sample was injected in splitless mode. Helium was used as a carrier gas with a linear velocity of 40 cm/s. The temperature programmed was isothermal for 10 min at 40°C, raised to 200°C at a rate of 5°C/min, and then raised to 250°C at a rate of 20°C/min, and held for 5 min: total run time 49.5 min. Injector and detector temperatures were both set at 260°C. The mass spectra was obtained using a mass selective detector working in electronic impact at 70 eV, with a multiplier voltage of 1953 V and collecting data at a rate of 6.34 scans/s over the range m/z 40-300.
Compounds were identified comparing their mass spectra with those contained in the NIST05 (National Institute of Standards and Technology, Gaithersburg) library, and/or by comparing their mass spectra and retention time with authentic standards (Supelco, Bellefonte, PA, USA), and/or by calculation of retention index relative to a series of standard alkanes (C 5 -C 14 ) (for calculating Kovats indexes, Supelco 44585-U, Bellefonte, PA, USA) and matching them with data reported in literature. The results are expressed as area units (AU)×10 8 /g of dry matter.
Statistical analysis
For the statistical analysis of the results of physico-chemical properties, lipolysis and volatile compounds an analysis of variance (ANOVA) of one way using IBM SPSS Statistics 19.0 program (IBM Corporation, Somers, NY, USA) was performed for all variables considered in the study. The least squares mean (LSM) were separated using Duncan's t-test. All statistical test of LSM were performed for a significance level P<0.05. Correlations between variables were determined by correlation analyses using the Pearson's linear correlation coefficient with above statistical software package mentioned.
Result and discussion
Changes on Physico-chemical Characteristics during the Manufacturing Process of Celta Dry-cured Loin
The changes on the physico-chemical parameters of Celta drycured loin during the manufacturing process are shown in Table 2 . Statistical analysis showed that pH values were significantly (P<0.001) affected by ripening time ranged between 5.60 and 5.80. The increase on pH values observed in this study could be related with the liberation of peptides, amino acids and ammonia from proteolytic reactions (Virgili et al. 2007) .
During the ripening process, water activity gradually declined from an initial value of 0.943 in the seasoning stage to 0.841 at the end of the process, finding significant differences (P<0.001) at different steps of the process. This decrease was more marked at the beginning of dry-ripening stage and it is due to the intense dehydration undergone during the dryingripening phase, in fact a w values displayed a positive correlation with moisture content (r=0.900, P<0.01). The Pearson correlations also indicated that a w was significantly (P<0.01) related to pH (r=−0.736), shear force (r=−0.927), hardness (r=−0.831) and chewiness (r=−0.798).
In line with this, moisture content was also significantly (P<0.001) influenced by the ripening process. The moisture content progressively decreased with processing time because of temperature and relative humidity conditions that occurred during the processing. The values declined from an initial value of 69.24 to 34.04 % at the end of process. This decrease was more pronounced between post-seasoning and the first half of ripening phase, with a mean moisture loss of 27.6 %. The values found at the end of the ripening stage were similar that those reported for dry-cured loins from pure Iberian and from Iberian x Duroc crossbreeds (mean values of 34.38 vs. 36.26 %, respectively), processed at similar conditions (Muriel et al. 2004a; Ramírez and Cava 2007) . It was from Pearson correlation test that moisture contents were also positively (P<0.01) related to instrumental colour parameters of L*-values (r=0.830), a*-values (r=0.632) and b*-values (r= 0.750) and negatively correlated to hardness (r=−0.901), chewiness (r=−0.862) and shear force (r=−0.884).
As it was expected, there were no significant differences (P>0.05) in protein and IMF contents, expressed as dry matter, during the manufacturing process of Celta dry-cured loin (Table 2) . Regarding protein, the samples showed mean values around 73 % of dry matter. This finding is in agreement with those reported by Ramírez and Cava (2007) who noticed similar mean values of protein in dry-cured loins from Iberian pig crossbreeds (48.28 vs. 47.81 % of wet matter). In relation to IMF content, at the end of the dry-curing process the samples presented mean values of 11.70 % of dry matter. These results were similar to those reported by Muriel et al. (2004a) who observed IMF values of 10.22 % in Iberian drycured loin from Lampiño line, whereas this author also showed lower IMF contents in Iberian dry-cured loin from Retinto genotype (6.77 %) and Torbiscal line (7.85 %).
Statistical analysis displayed that instrumental colour parameters (L*, a* and b*-values) were significantly (P<0.001) influenced by processing time, decreasing during whole process ( Table 2 ). The L*-values ranged from 41.72 to 30.47. The more notable decrease in L*-values occurred at the end of the process, during the dry-ripening stage, with a mean decrease of 13.07 %. This decrease in L*-values was related to formation of dark colour in the dry-cured loins due to browning reaction. It was from Pearson correlation test that L*-values were significantly correlated with a w (r=0.789, P<0.01) and moisture content (r=0.830, P<0.01). Our mean L*-values obtained at the end of the dry-curing were lower than those reported by other authors in dry-cured loins matured during 4 months (Campus et al. 2008; Cava et al. 2009; Ramírez and Cava 2007) . Regarding a* and b*-values, the higher decreases occurred at the beginning of the process, with a mean declines of 30.02 and 49.13 %, respectively. The lowest a* and b*-values were found at the end of the dry-ripening process (8.40 and 4.61, respectively), which were much lower than those displayed by the aforementioned authors. On the other hand, the total chlorides content (expressed as g/100 g of dry matter) of the loin pieces was not affected by ripening time and ranged between 9.03 and 8.44 %.
The degree of lipid oxidation in the Celta dry-cured loins was measured by TBARs method which determines the amount of malonaldehyde (MDA) formed in the oxidation process. TBARs values increased significantly (P<0.001) during the manufacturing of Celta dry-cured loin from 0.07 to 0.34 mg MDA/kg. The increase in malonaldehyde contents during the post-seasoning stage and during the dry-ripening period could be related to the prooxidant action of metallic ions present as impurities in the salt used in the curing process.
Our TBARs values at the end of the dry-ripening process were similar to those obtained in other dry-cured loins from crossbreeds of Iberian pigs (0.29 vs. 0.34 mg MDA/kg) (Ramírez and Cava 2007) , but lower that those found in dry-cured loins manufactured from pure Iberian pigs (1.07 vs. 0.34 mg MDA/ kg) (Ventanas et al. 2006 ).
The Warner-Bratzler (WB) test (shear force, firmness and total work) was significantly (P<0.001) affected by the ripening period (Table 2) . The values of shear force increased with the maturation process from an initial value of 1.04 to 3.21 kg. This behavior could be due to the coagulation of protein at low pH and the decreases of moisture contents that occurred in dry-cured meat products especially during dry-ripening phase . To this regards, Person correlation test displayed significant (P<0.01) correlations between shear force and pH (r=0.665), water activity (r=−0.927) and moisture content (r=−0.884).
Regarding texture profile analysis (TPA) traits, significant differences (P<0.05) were also found between these textural parameters (hardness, springiness, chewiness and cohesiveness) and the different maturity levels. The lowest values of the aforementioned parameters were found at the beginning of the ripening (Table 2 ). As occurred with shear force, hardness increased from 0.97 to 11.28 kg during the process. Chewiness values also increased during ripening period from 0.28 to 3.98 kg×mm, but was at the beginning of the dryripening stage where underwent a more marked increase. These rising values were expected since dry-cured loins become tougher and pasty gummy with the progress of (Szczesniak 2002) . Changes in hardness and chewiness during curing process have been attributed to both water content and state of protein . At the end of the process, moisture loss from 69.24 to 34.04 % is enough to cause an increase in hardness. In fact, it was found from Pearson correlation test that moisture content was negatively correlated (P < 0.01) to hardness (r = −0.901) and chewiness (r=−0.862). Our final values of hardness were slightly lower than those reported by Ramírez and Cava (2007) who found values ranged from 19.28 to 22.34 kg in Iberian dry-cured loin. Finally, springiness and cohesiveness values also increased during ripening process; however, the increases were not so important. The values ranged from 0.59 to 0.62 mm and from 0.47 to 0.57, for springiness and cohesiveness, respectively. It was found from the Pearson test that cohesiveness was significantly (P<0.01) correlated to moisture content (r=−0.768) and a w (r=−0.657).
Changes on free fatty acid during the manufacturing process of celta dry-cured loin
The evolution of the free fatty acid (FFA) of Celta dry-cured loin during the manufacturing process is summarized in Table 3 . Statistical analysis showed that total FFA content were significantly (P<0.001) affected by ripening process. Two main stages (seasoning and dry-ripening) could be distinguished in the total FFA content; however a more pronounced increase of the total FFA content occurred during the dry-ripening stage (see Table 3 ), but mainly along the first half of it [values after 30 and 60 days of dry-ripening were not significantly (P>0.05) different]. It was reported that the amount of total FFA increased in other meat products, during the processing, such as dry-cured loins (Ventanas et al. 2006) , dry-cured hams (Zhou and Zhao 2007) and dry-cured sausages (Gómez and Lorenzo 2013) . The referred increase of total FFA could be the result of muscle lipolytic enzymes (Motilva et al. 1993) , with the polyunsaturated fatty acids (PUFA) predominating up to the postseasoning step and the monounsaturated fatty acids (MUFA) taking that place along the dry-ripening stage. To this regards, Stahnke (1994) observed that during the manufacturing process of fermented sausages, the PUFA are liberated in a higher proportion than the MUFA and SFA, fundamentally because they are originated from the hydrolysis of phospholipids. However, in this study, the MUFA are liberated in greater proportions than the PUFA and SFA, indicating that the liberation also originates from the triglycerides that are richer in monounsaturated fatty acids. The predominant fatty acids were the PUFA in the first phase and the MUFA in the dry-ripening stage (Table 3) . In both cases, the values increased with the maturation process from an initial value of 77.82 to 470.20 mg/g of fat and from 54.35 to 478.42 mg/g of fat, for MUFA and PUFA, respectively. These findings are in agreement with those reported by Ramírez and Cava (2007) who observed that MUFA were the predominant fatty acids at the end of the maturation of dry-cured loin. Regarding PUFA, linoleic acid (C18:2n6c) was the predominant fatty acid. The obtained values were approximately of 89 and 77 % of total FFA from PUFA fraction at the post- seasoning stage and at the end of process, respectively (Table 3) . The highest values were found at the end of ripening, with a mean value of 364.13 mg/g of fat. Below in importance was found arachidonic acid (C20:4n6) whose content ranged from 11.31 to 79.53 mg/g of fat during the process, suffering a notable increase from the dry-ripening stage. It was found from Pearson correlation test that PUFA content was correlated to C18:2n6c (r=0.999, P<0.01) and C20:4n6 (r=−0.952, P<0.01). Within MUFA, only two fatty acids were detected, namely oleic (C18:1n9c) and palmitoleic (C16:1n9) acids. The predominant was oleic acid, showing levels higher than 95 % of total FFA from MUFA fraction during all the stages of the ripening process. A lower percentage was found in palmitoleic acid, showing values only during dry-ripening stage (around 5 % of total FFA from MUFA fraction) (Table 3 ). Finally in the SFA, palmitic acid (C16:0) was the most abundant, increasing its content progressively during the maturation process from an initial value of 12.95 to 319.00 mg/g of fat. At the end of the ripening, this fatty acid represented a 72.3 % of total FFA from SFA fraction. The other fatty acid found was stearic acid (C18:0) although in less proportion. Its content was similar during the seasoning and postseasoning stages and increased suddenly in the dryripening phase, from an initial value of 19.30 to 121.77 mg/g of fat.
Changes on Volatile Compounds during the Manufacturing Process of Celta Dry-cured Loin
The average contents of extracted volatile compounds at different processing stages are shown in Table 4 . A total of sixty-seven volatile compounds were identified from Celta dry-cured loin samples. The volatile compounds were grouped according to their possible origin as: volatiles derived from spices, microbial activity, lipid oxidation, Maillard reaction and compounds of unknown origin and contaminants. The number of volatile compounds increased during processing, 30 volatile compounds were detected in the seasoning step and 51 in the post-seasoning stage. During the dryripening phase, the number of volatile compounds increased, 53 compounds were found after 30 days of dry-ripening and 56 after 60 days of dry-ripening. The obtained results showed that ripening time significantly (P<0.05) affected the formation of volatile compounds of Celta dry-cured loin (Fig. 1) . Until now there are no studies that evaluate the evolution of volatile compounds during the whole manufacture of drycured loin and have not been studied in Celta pig breed. At the end of dry-ripening process, most of the identified volatile compounds derived from microbial activity (66 % of the total area), followed by those originated from spices addition (14.2 % of the total area) and lipid oxidation (11.2 % of the total area), while at the beginning the major volatile compounds were originated from the addition of spices, with mean values of 57.7 % of the total area (Fig. 1) . Microbial activity could be responsible for the generation of 16 volatile compounds comprising ethyl esters, carbohydrate fermentation and amino acid catabolism (Table 4) . At the end of ripening process, ethyl esters compounds were the most abundant reaching around 27 % of the total area of microbial origin. Ethyl esters are formed through esterification of ethanol and organic acids by microbial esterases (Stahnke 1994) . Butanoic acid, methyl ester and butanoic acid, 3-methyl, methyl ester were the predominant ethyl esters detected during the manufacturing process of Celta dry-cured loin. Their contents increased during ripening time reaching final values of 11.57 and 21.27 x 10 8 area units, respectively. On the other hand, volatile compounds derived from carbohydrate fermentation represented the second group in importance from microbial activity. Ethanol and 2,3-butanodione were the most abundant volatile compounds originated from carbohydrate fermentation (Sunesen et al. 2001 ). Finally, 3-methylbutanal was the only volatile compound detected from amino acid catabolism and its content increased with ripening time until 3.97 x 10 8 area units. In Celta dry-cured loin, volatile compounds from spices were also detected, mainly sulphur compounds and terpenes. The content of these volatile compounds decreased during ripening from 5.7 to 4.8 % of the total area (Fig. 1) . These volatile compounds show strong aromatic notes and could play an important role in the overall aroma notes of this meat product (Ramírez and Cava 2007) . The contents of sulphur compounds increased during ripening from 5.2 to 15.7 % of the total spices area. Many of them have been previously found in dry-cured sausages in which garlic is an ingredient (Sunesen et al. 2001 ) and in dry-cured foal loin (Lorenzo 2014a) . In the case of terpenes, the contents decreased during manufacture from 24.6 to 9.3 % of the total spices area. Muriel et al. (2004b) suggested that the spices added during the manufacture process are responsible for the origin of these compounds. Compounds derived from added spices lessen the volatiles derived from lipid oxidation, microbial metabolism, and Maillard reactions.
Volatile compounds derived from lipid oxidation were assigned to the following chemical families: alcohols, aldehydes, alicyclic hydrocarbons, aromatic hydrocarbons, ketones and lineal hydrocarbons. Its content increased until 30 days of dry-ripening, from 1.8 to 4.9 % of total area, and then they remained constant till the end of ripening process. These compounds accounted for 11.2 % of the total chromatographic area at the end of the ripening process, which were similar than those found by other authors (Soto et al. 2008) . Nevertheless, these outcomes were lower than those reported by Ramírez and Cava (2007) who found that lipid derived compounds accounted for more than 55 % of the total volatiles in Iberian dry-cured loins. (Purriños et al. 2011a (Purriños et al. , 2011b . These compounds were the most abundant of the volatile compounds derived from lipid oxidation (7.01-19.46 % of the total lipid oxidation area). However, these levels were lower than those obtained by Muriel et al. (2004b) in Iberian dry-cured loins. Within lineal hydrocarbons, the most abundant compounds were hexane, decane and undecane (Table 4) . To this regards, Ruiz et al. (2002) noticed that straight chain hydrocarbons with less than 10 carbon atoms arise mainly from lipid oxidation, while those with longer chains could be accumulated in the fat depots of the animal, probably from feeding (Tejeda et al. 2001) .
Aromatic hydrocarbons with origin in lipid oxidation reactions, because of their abundance, could play an important role in the aroma of dry-cured loin (Ramírez and Cava 2007) . They were the second most abundant compounds derived from lipid oxidation, with values that increased with ripening time from 4.45 to 12.32 % of the total lipid oxidation area (Table 4) . At the end of manufacturing process, their contents (1.75 vs. 2.15-4.23 % of the total chromatographic area) were lower than those reported by Muriel et al. (2004b) . Within aromatic hydrocarbons, 1-methyl, 4-methylethylbenzene was the major volatile compound. Its content increased from 1.90 to 4.32 x 10 8 area units after 30 days of dry-ripening process, and decreased at the end of process till 3.23 x 10 8 area units. Aldehydes have a great impact on meat product aroma due to their low odour threshold values (Muriel et al. 2004b) . Their contents were less than 2 % of the total lipid oxidation area, being 3-ciclopentene, 1-acetaldehyde the most abundant (see Table 4 ). Within aldehydes, hexanal showed very low levels compared to the results found by Muriel et al. (2004b) and Ramírez and Cava (2007) in Iberian dry-cured loin and by Lorenzo et al. (2014) in Celta dry-cured "lacón".
Regarding ketones isolated in Celta dry-cured loin, 2-pentanone was the most abundant and its content increased during ripening from 0.20 to 0.93 x 10 8 area units. Other two compounds were also identified, 2-heptanone and 2-nonanone, although in very small amounts and only at 30 days of dry-ripening. 2-ketones may arise from fatty acids by chemical (autooxidation) or enzymatic (β-oxidation) oxidation of free fatty acids by molds (Ramírez and Cava 2007) . Furthermore, they are considered to have a great influence on the aroma of meat products and they have been associated with a peculiar aroma, such as ethereal, butter, spicy notes, or molded-surface cheeses (Curioni and Bosset 2002) .
Unlike other authors that consider alcohols like the most important chemical group in Iberian dry-cured loin (Muriel et al. 2004b) , in the present study, only one alcohol, 3-hexen-1-ol, derived from lipid oxidation was identified and quantified but at trace levels (less than 0.20 % of the total lipid oxidation area), at the end of manufacturing process.
Volatile compounds arising from the Maillard reaction accounted for less than 0.5 % of the total area, so it was the minority group (Fig. 1) . To this regards, Mottram (1998) noticed that Maillard compounds which had very low threshold values, can add pleasant aroma notes. In the present study, only 2-propanol was identified in this group and its content increased until 30 days of dry-ripening, from 0.70 to 1.27 x 10 8 area units, and then it decreased in the last step to 0.79 x 10 8 area units. Finally, the volatiles of unknown origin, significant differences (P<0.05) were found among these compounds during ripening time. The values found increased with maturation from 0.1 to 2.7 % of the total area. Seven compounds were assigned to this group, being chloromethane and toluene which presented the highest contents, although their presence could be related to a chromatographic artefact.
Conclusions
The results obtained in this work conducted on dry-cured loin from Celta pig breed indicated that, in general, most of the studied physicochemical, colour and textural parameters were significantly affected by ripening time. As ripening time increased in Celta dry-cured loin, an increasing on TBARs values and hardness was observed. Total FFA increased during the manufacture process, since oleic acid was the most abundant at the end of process followed by palmitic and linoleic. At the end of process, volatile compounds from microbial activity were the most abundant followed by volatile compounds from spices addition and lipid oxidation. The most abundant volatile compound was acetic acid, methyl ester. Flavour formation of drycured loin began from post-seasoning stage. Fig. 1 Mean percentage composition of headspace (calculated by the ratio between the sum of peak areas of each group of volatile compounds and the total integrate area) determined by SPME/GC/MS of the different stages of Celta drycured loin processing (n=5)
